Introduction
============

Khat is a shrub-like plant that grows and is consumed mostly in East Africa and the Arabian Peninsula including Ethiopia where it is consumed traditionally for socialization and during spiritual rituals. It is often consumed by chewing fresh leaves in a group and in moderation. It has spread outside the region by migrant populations. Khat leaf has an amphetamine-like effect when chewed and is believed to have a potential to be addictive.[@b1-sart-8-2014-045],[@b2-sart-8-2014-045] In some European countries, khat is classified as an illicit substance.[@b3-sart-8-2014-045]

Prolonged and excessive use of khat is linked with several health problems. Mental health problems are prominent leading to cognitive impairment, learning difficulties,[@b4-sart-8-2014-045] and behavioral changes.[@b5-sart-8-2014-045] Other health-related problems such as dental health problems,[@b6-sart-8-2014-045],[@b7-sart-8-2014-045] cardiac abnormalities,[@b8-sart-8-2014-045]--[@b10-sart-8-2014-045] and elevated blood pressure[@b11-sart-8-2014-045],[@b12-sart-8-2014-045] were reported with prolonged use of khat.

Khat is currently recognized as one of the substances that are of concern in Ethiopian universities.[@b13-sart-8-2014-045] The prevalence of khat among Ethiopian university students have been reported between 9% and 32% by different researchers.[@b14-sart-8-2014-045]--[@b16-sart-8-2014-045] In other countries, khat chewing among college students ranges from 19% in Saudi Arabia to 54% in Yemen.[@b17-sart-8-2014-045]

There was no consensus on how khat use is measured. Researchers used their judgment to classify khat chewers into different categories using ad hoc procedures and mostly focused on the frequency of chewing. For instance, current khat use has been defined as chewing in the last 1 month,[@b18-sart-8-2014-045] 1 year,[@b16-sart-8-2014-045] and 2 years[@b19-sart-8-2014-045] by different researchers. Frequency of khat use was also assessed based on the number of days khat chewed in a week.[@b7-sart-8-2014-045],[@b19-sart-8-2014-045] The "dose" of khat was measured by asking the time they spent on chewing per day or how much they chew.[@b20-sart-8-2014-045],[@b21-sart-8-2014-045] To date, the different approaches used to measure khat use are not standardized.

Both Diagnostic and Statistical Manual of Mental Disorders (DSM)[@b22-sart-8-2014-045] and International Classification of Disease (ICD) did not recognize khat as one of the substances related to health problems.[@b23-sart-8-2014-045] However, both manuals have "other/unspecified substances" categories where khat might fit in. The ICD have been indicated to identify harmful substance use better when compared with the DSM criteria, as it included more-detailed questions.[@b24-sart-8-2014-045] Previously Khat Severity Dependency Syndrome (KSDS) scale, which is based on DSM-IV criteria for dependence, has been used to assess the severity of khat dependency among Yemeni residents in the United Kingdom.[@b25-sart-8-2014-045],[@b26-sart-8-2014-045] The KSDS is a 5-item scale adopted from Substance Dependency Syndrome (SDS) scale previously developed to detect severity of dependence among other substance users.[@b27-sart-8-2014-045] KSDS contains questions that measure psychological addiction (dependence), but did not measure frequency of use, dose, or social, health and financial consequences.

In Ethiopia, khat cultivation and use were traditionally limited to some parts of the country and certain population group. However, in the last two to three decades, widespread khat cultivation and use have been documented in all corners of the country.[@b28-sart-8-2014-045],[@b29-sart-8-2014-045] Its use among young people has hugely increased. Students use it to stay awake/alert during long periods of studying due to heavy academic work load, especially during examinations.[@b14-sart-8-2014-045] A comprehensive assessment of the harmful use of khat is important to help efforts to reduce undesired consequences of khat chewing among university students. Thus, the objective of this study is to determine the prevalence and predictors of harmful khat use among Ethiopian university students using a comprehensive scale.

Methods
=======

Study setting
-------------

The study was conducted at Bahir Dar University which is one of the 31 public universities in Ethiopia. The university is located 564 km North-west of the capital city of Addis Ababa. The university had around 15,500 regular undergraduate students at the time of the study. More than 90% of the students use the full boarding on campus services, accommodation, and meal provided by the university. Khat chewing in the university campus is prohibited.

Study design
------------

A cross-sectional study was conducted in June 2012 among regular undergraduate students. Sample size was determined for estimating prevalence and factors associated with khat chewing. The required sample was then allocated to departments proportional to their size and sex composition. Then, study participants were selected using a simple random sampling procedure from the department's active student list. Students selected for the study were asked to fill a self-administered questionnaire.

Questionnaire development
-------------------------

The questionnaire for this study was developed by drawing on elements from KSDS scale,[@b18-sart-8-2014-045] Alcohol Use Disorder Identification Test (AUDIT),[@b30-sart-8-2014-045] the Cannabis Use Disorder Test (CUDIT),[@b31-sart-8-2014-045] and ICD-10 criteria of harmful substance use.[@b23-sart-8-2014-045] While KSDS measures only dependency syndrome, AUDIT and CUDIT include additional questions that measure "harmful" substance used based on ICD criteria. Additional questions that were not included in the three tests were added based on the ICD-10 recommendation. The scale used for this study included questions on the frequency of use, amount of use, tolerance, dependence, and health and social harms.

The questionnaire was pre-tested among Gondar University students, a public university with similar set up located 180 km north of Bahir Dar University. Some language and formatting adjustments were made based on the pre-test findings.

Data analysis
-------------

The data were double entered and cleaned using EPI Info™ 3.5.3 statistical software. The cleaned data were then transferred to STATA version 12 for analysis.

Initially, a total of 15 items were included in the instrument to measure khat-chewing pattern, dependence, and overall social, financial and health-related problems. Questions relating to chewing pattern are retained automatically as they are peculiar to khat-related problems. Exploratory factor analysis with varimax rotation was performed on the remaining items that measure dependence, social, financial, and health harm. A total of six factors were retained of which only two factors that had eigenvalue \>1 were selected following Kaiser rule. Items with low loading (variance \<0.4) or significant loading on more than one factor were excluded. Finally, 11 items were retained to construct the "harmful khat use scale." The final scale had high internal consistency (Chronbac's alpha = 0.87) ([Table 1](#t1-sart-8-2014-045){ref-type="table"}).

To determine the appropriate cutoff point for the scale, we used a holdout cross-validation technique, where we have used 67% of the data to determine cutoff point and 33% of the data to validate the determined cutoff point. Items were assessed on a scale of 0--4, thus the maximum possible score was 44. We then calculate sensitivity and specificity of frequent khat use to calculate the area under receiver operating characteristics (ROC) ([Fig. 1](#f1-sart-8-2014-045){ref-type="fig"}).[@b24-sart-8-2014-045] Since we did not have a true gold standard to measure harmful khat use, we have used self-reported frequent khat use (khat chewing at least twice in a week) as a reasonable proxy in the absence of an established gold standard, as evidences show that health and social problems are more common among frequent khat users. Similar technique has been used to assess cigarette smoking status.[@b33-sart-8-2014-045] The ROC curve indicated a cutoff point for harmful khat use to be 11 out of the possible 44 points. Students who scored below 11 were classified as non-harmful khat chewers, whereas the remaining were classified as harmful khat chewers.

Binary and multivariable logistic regressions were used to identify socio-demographic factors and other substance use-related factors that are associated with harmful khat use. Variables with very small cell count and those with *P* \> 0.2 were not included in the multivariable logistic regression, which is used to calculate adjusted odds ratio (AOR). Those variables with *P* \< 0.05 in the AOR have been identified as having a significant association with harmful khat use.

Ethical issues
--------------

The study protocol was approved by the Ethical Review Board of Bahir Dar University. Informed consent was obtained from each participant and participation was fully voluntary. Information obtained for the study was kept confidential. Data were processed in a secure room and only the researchers had access to the raw data. Study participants were offered small refreshment at the student café on the university campus.

Result
======

A total of 3872 students were invited to participate in the study, of which 3268 filled and returned the self-administered questionnaire. Three hundred ninety-eight students reported chewing khat in the 9 months preceding the survey. Of the 398 respondents, 360 have fully completed the questionnaire and thus were included in the analysis. Questionnaires with significant missing values on key questions were excluded from the analysis. Of the 360 students who reported khat use during the 9 months period preceding the survey, 74 \[20.6% (95% CI: 14.3--22.3)\] were classified as harmful khat users, all but four were male.

Harmful khat chewing was more likely to be practiced among students who were originally from small towns \[AOR = 2.17 (95% CI: 1.12--4.22)\], who go to commercial khat-chewing places \[AOR = 3.28 (95% CI: 1.48--7.29)\], who chew khat with non-student friends \[AOR = 5.74 (95% CI: 1.56--21.00)\], and among simultaneous cigarette smokers \[AOR = 2.91 (95% CI: 1.23--6.88)\]. On the other hand, students were less likely to have harmful khat-chewing practice, if khat chewing was started late, at age \$18 years \[AOR = 0.19 (95% CI: 0.07--0.55)\], and if the preferred place to study was library \[AOR = 0.31 (95% CI: 0.12--0.81)\] ([Tables 2](#t2-sart-8-2014-045){ref-type="table"} and [3](#t3-sart-8-2014-045){ref-type="table"}).

Discussion
==========

About one in five currently khat-chewing students, almost all males, have harmful khat-chewing practice. Harmful khat chewing is more likely among students chewing at commercial khat-chewing places, those who chew with non-student friends, and those who are originally from small town, whereas it is less likely among students who have started chewing khat at older age and those who prefer to study in the library.

This study used a comprehensive tool to identify harmful khat-chewing practice among university students in Ethiopia. The development of the tool followed recommended steps for adopting a new tool into a new culture and set up.[@b34-sart-8-2014-045],[@b35-sart-8-2014-045] We have used statistical techniques to select items and determine cutoff points. This study was based on self-reported substance use, which may be prone to recall bias. To minimize this problem, we used academic landmarks such as the beginning of the current academic year and current semester that helped students respond to the questions more accurately. Due to lack of a known gold standard in assessment of harmful khat use, we have used self-reported frequent khat chewing as a reasonable proxy to set the cutoff point for our scale. This scale is not compared against already existing khat-dependency measures such as KSDS. Although further work might be needed to widely use the scale, we believe it is fairly valid to warrant the conclusions made in this study. In this study, almost all harmful khat users were male students. Social norms and expectation that impose negative attitude toward women using substance may have protected female students from indulging into harmful khat-chewing practice. Previous studies have also reported that some gender-specific norms are associated with lower level of substance use among women.[@b36-sart-8-2014-045],[@b37-sart-8-2014-045]

Circumstances of khat chewing were found to be the most important predictors of harmful khat use in this study. Peer pressure and environmental factors are important contributing factors to harmful substance use among young people.[@b38-sart-8-2014-045],[@b39-sart-8-2014-045] Since khat chewing is prohibited in the university campuses,[@b13-sart-8-2014-045] students would not be at ease to use khat on campus because of fear of being caught and dismissed. Thus, university students are likely to mingle with the local community and establish new friends who provide a safer place to regularly chew khat with no restrictions[@b40-sart-8-2014-045] or else go to commercial places Khat chewers often prefer to chew khat with friends, it is in fact very uncommon to observe someone chewing khat alone.[@b41-sart-8-2014-045] Young people who have substance user friends or friends who approve substance use are more likely to abuse substances.[@b38-sart-8-2014-045],[@b39-sart-8-2014-045] The association of cigarette smoking with harmful khat use is consistent with a previous study that shows harmful polysubstance use.[@b41-sart-8-2014-045],[@b42-sart-8-2014-045] Student's expectation of khat to help them in their study may facilitate khat chewing in group during study session.[@b14-sart-8-2014-045] Ethiopia has expanded tertiary education by opening new universities and by hugely expanding the admission capacity of existing universities in the decade preceding this study. The accumulation of high number of students, up to 20,000--25,000 per university, has created new business opportunities for the local economy. Some businesses are essential for students, whereas others such as drinking places and substances (khat and marijuana) selling shops raised serious concerns to the well-being of students.

Substance use prevention strategies for colleges students require comprehensive management of the environment that influences substance use.[@b43-sart-8-2014-045] Moving beyond the individual substance user and including peers and the environment are recommended.[@b44-sart-8-2014-045] Current activities to prevent substance use in Ethiopia are only focused on prevention of use on campus. However, the level and pattern of harmful khat use observed in this study call for a strong multisectoral involvement including local administrative bodies, health services providers, and non-governmental organizations.

In conclusion, this study revealed a high level of harmful khat use among current khat users. Harmful khat use habit is associated mainly with chewing khat outside the campus and having khat-chewing friends who are not studying at the university. This study clearly showed that factors outside the university environment are more important determinants of khat use. Thus, universities need to work with the surrounding community closely to prevent harmful use of khat and avoid its negative consequences.
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###### 

Items included in the harmful khat use scale among Bahir Dar University students, June 2012.

         QUESTION                                                                                                           SCORE
  ------ ------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------
         **Items included in the final scale**                                                                              
  1\.    During the current semester,[1](#tfn1-sart-8-2014-045){ref-type="table-fn"} how frequently have you chewed khat?   0, Never; 1, at least once in a month; 2, at least once in a week; 3, more than once in a week; 4, daily
  2\.    How often have you chewed khat more than once in a single day?                                                     0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  3\.    What time do you usually chew khat?[2](#tfn2-sart-8-2014-045){ref-type="table-fn"}                                 4, In the morning before noon; 0, any other time
  4\.    During the current semester, how often have you had a strong desire or urge to chew khat?                          0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  5\.    During the current semester, did you ever feel that your khat chewing was out of control?                          0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  6\.    During the current semester, did the prospect of not chewing any khat make you anxious or worried?                 0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  7\.    How difficult would you find it to stop or go without khat chewing?                                                0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  8\.    During the current semester, how often has your khat chewing has led to health problem?                            0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  9\.    During the current semester, how often has your khat chewing has led to social problem?                            0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  10\.   During the current semester, have you ever tried and failed to control, cut down or stop using khat?               0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  11\.   During the current semester, how often have you failed to do what was normally expected of you?                    0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
         **Items excluded after exploratory factor analysis**                                                               
  1\.    Do you worry about your khat-chewing habit?                                                                        0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  2\.    Do you wish you could stop chewing khat?                                                                           0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  3\.    During the second semester, how often has your khat chewing has led to financial problem?                          0, Never; 1, rarely; 2, sometimes; 3, often; 4, always
  4\.    Has a friend or relative or anyone else ever expressed concern about your khat chewing?                            0, Never; 1, rarely; 2, sometimes; 3, often; 4, always

**Notes:**

Semester refers to 4 months period at the time data collection for this study. This time reference was put to help students remember the events correctly and thus reduce recall bias.

Khat chewing in the morning is a sign of dependence. In Ethiopia, the practice is referred as "Ejabina" which means "eye-opener."

###### 

Logistic regression for harmful khat use by sociodemographic factors among Bahir Dar University student, June 2012.

                                                                  HARMFUL KHAT USE   CRUDE OR (95% CI)    ADJUSTED OR (95% CI)     
  ------------------------------------------------------ -------- ------------------ -------------------- ------------------------ ------
  Year of study                                          Year 1   16                 66                                            
  Year 2                                                 19       75                 1.44 (0.61--3.41)    0.61 (0.24--1.58)        
  Year 3                                                 16       68                 1.12 (0.44--2.82)    0.86 (0.33--2.20)        
  Year 4 and above                                       28       72                 1.80 (0.79--4.14)    1.15 (0.47--2.84)        
  Childhood residence                                    Rural    10                 48                   1.00                     1.00
  Small town                                             39       107                2.12 (0.87--5.18)    **2.17 (1.12--4.22)**    
  Urban                                                  29       125                1.04 (0.41--2.63)    1.22 (0.41--3.63)        
  Off campus housing                                     No       57                 234                                           1.00
  Yes                                                    19       35                 2.23 (1.19--4.18)    1.47 (0.62--3.53)        
  **Preferred place to study**                                                                                                     
  Library                                                No       61                 169                  1.00                     1.00
  Yes                                                    17       109                0.34 (0.17--0.71)    **0.31 (0.12--0.81)**    
  Dormitory                                              No       44                 173                                           1.00
  Yes                                                    34       105                0.93 (0.52--1.69)    0.65 (0.25--1.65)        
  Space                                                  No       64                 207                                           1.00
  Yes                                                    14       71                 0.81 (0.40--1.62)    0.46 (0.17--1.30)        
  In group rented houses                                 No       68                 263                  1.00                     1.00
  Yes                                                    10       15                 3.24 (1.28--8.25)    1.48 (0.40--5.51)        
  **Circumstance of khat chewing**                                                                                                 
  Chew alone                                             No       61                 218                  1.00                     1.00
  Yes                                                    17       62                 0.89 (0.44--1.80)    1.59 (0.55--4.60)        
  Chew in group with other students                      No       24                 81                   1.00                     1.00
  Yes                                                    54       180                1.05 (0.56--1.96)    1.62 (0.57--4.55)        
  Chew in group with other people who are not students   No       68                 251                  1.00                     1.00
  Yes                                                    10       10                 3.65 (1.40--9.56)    **5.74 (1.56--21.00)**   
  Chew in khat chewing places                            No       9                  104                  1.00                     1.00
  Yes                                                    62       148                6.59 (2.53--17.16)   **3.28 (1.48--7.29)**    

**Note:** Embolden results are significant at *P* = 0.05.

###### 

Logistic regression for harmful khat use by substance use status among Bahir Dar University student, June 2012.

                                                          HARMFUL KHAT USE   CRUDE OR (95% CI)   ADJUSTED OR (95% CI)   
  ---------------------------------- -------------------- ------------------ ------------------- ---------------------- -----------------------
  Year of study                      Year 1               16                 66                  1.00                   1.00
                                     Year 2               19                 75                  1.44 (0.61--3.41)      1.19 (0.38--3.66)
                                     Year 3               16                 68                  1.12 (0.44--2.82)      1.12 (0.35--3.61)
                                     Year 4 and above     28                 72                  1.80 (0.79--4.14)      1.79 (0.63--5.03)
  Childhood residence                Rural                10                 48                  1.00                   1.00
                                     Small town           39                 107                 2.12 (0.87--5.18)      2.46 (0.61--9.88)
                                     Urban                29                 125                 1.04 (0.41--2.63)      0.73 (0.17--3.05)
  Off campus housing                 No                   57                 234                 1.00                   1.00
                                     Yes                  19                 35                  2.23 (1.19--4.18)      2.29 (0.89--5.93)
  Age at first khat chewing          Less than 18 years   38                 81                  0.34 (0.18--0.66)      1.00
                                     18--19 years         16                 100                 0.29 (0.14--0.61)      **0.36 (0.15--0.83)**
                                     20 years or older    11                 80                                         **0.19 (0.07--0.55)**
  Have close friends who chew khat   No                   8                  27                  1.00                   1.00
                                     Yes                  69                 237                 0.98 (0.43--2.26)      0.33 (0.07--1.67)
  Have dormmates who chew khat       No                   17                 76                  1.00                   1.00
                                     Yes                  61                 190                 1.44 (0.79--2.61)      1.66 (0.61--4.50)
  Concurrent smoking                 No                   20                 153                 1.00                   1.00
                                     Yes                  52                 103                 3.86 (2.18--6.85)      2.24 (0.85--5.87)
  Concurrent drinking                No                   10                 72                  1.00                   1.00
                                     Yes                  62                 184                 2.43 (1.18--4.99)      2.34 (0.72--7.64)
  Concurrent shisha use              No                   38                 172                 1.00                   1.00
                                     Yes                  35                 62                  2.56 (1.48--4.40)      0.92 (0.40--2.13)
  Simultaneous smoking               No                   47                 230                 1.00                   1.00
                                     Yes                  32                 30                  5.22 (2.90--9.40)      **2.91 (1.23--6.88)**
  Simultaneous drinking              No                   49                 197                 1.00                   1.00
                                     Yes                  30                 63                  1.91 (1.12--3.27)      2.19 (0.96--5.01)
  Simultaneous shisha use            No                   64                 242                 1.00                   1.00
                                     Yes                  15                 18                  3.15 (1.51--6.59)      0.90 (0.28--2.88)

**Note:** Embolden results are significant at *P* = 0.05.
